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A popular lesson taught during our school days that 
“Solar System comprises of Sun, nine planets, their 
satellites, asteroids and occasionally visiting comets” 
needs amendment in light of new discoveries. Recent 
findings of the mighty Kuiper Belt of icy objects in the 
outskirts of our Solar System have completely changed 
our perception about its makeup. The present issue 
commences with an account on this important 
astronomical discovery. 


Another popular kindergarten poem is “Twinkle — 
Twinkle little star ” based on naive astronomical 
observation by a kid when he looks at the night sky. But, 
is the phenomenon that simple! An exciting article 
mentioning the physics of Twinkling in the issue awaits 
your opinion in this regard. 


In continuance to our effort to unravel the origin and 
evolution of our Solar System in earlier issues, the 
current issue swipes through the enigmatic “Chondrules”, 
one of the first formed solids in the Solar System. Also, 
an article describing exo-solar habitable planets in the 
issue strives to fulfill our never dying inquisitiveness to 
search for our companions in the Universe. 


As usual, the issue tries to update the readers with 
exciting recent discoveries and developments in 
Planetary Sciences along with an elaborate account on 
Solar X- Ray monitor planned for Chandrayaan -2 and 
ESA’s comet chaser “Rosetta” which is currently passing 
through the main asteroidal belt. For researchers keen to 
pursue opportunities in Planetary Sciences, a number of 
them have been listed in the issue. 


Before I sign off, I would like to take the opportunity on 
behalf of the editorial team, to bid farewell to one of our 
sincere colleagues Ms. Prajkta Mane, who has moved to 
pursue her Ph. D. from ASU, USA. I also welcome 
Mr. Aditya Bhattacharya as the new editorial member. 
We look forward to his innovative and valued 
involvements. I would also like to express my sincere 
thanks to the reviewers of all the issues of Volume- 
1lwhose painstaking efforts have helped us a lot in 
improving the contents of the magazine. 


Happy Reading! 


(Neeraj Srivastava) 
Editor 
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“...1t is really nice to get the updates from the sphere of 

Indian planetary exploration program. The e-magazine 

gives an opportunity to know about the new findings 

about our universe as well as future missions. Dedicating 

a page for biography of eminent scientists like 
C. V. Raman is really appreciated.....’ 

- P.O. Suresh 

Deptt. Of Environment and Geography, 

Macquarie University, Sydney, Australia. 


«..A Newsletter was indeed lacking for the Indian 

Planetary Science community, and PLANEX beautifully 

fills that voidness. Appreciation to the Team for the 

concept, visualization and effort. Sooner or later 
expecting the freshness of a PLANEX Folio...’ 

-  K.B.Smart, 

Organisation for Earth & Planetary Informatics, 

Cochin. 


‘,....Articles come under your editorial have much more 
informative and also induce us to read their ‘Further 
Reading’ column. Information covered in ‘News 
Highlights’ give us worldwide scientific achievements 
and new findings. Subjects discussed in ‘Mission story’ 
column are _ interesting and worthfull for the 
technological developers. Courage and listen full actions 
through ‘Mission Updates’ are highly commendable. 
Sections in ‘Events’, ‘Announcements and Opport- 
unities’, and ‘Awards/Achievements’ are very much 
initiative for us to utilize for further learning. It is must to 
share here that, history of popular scientists are highly 
impressive for us. I am eagerly looking for the new 
findings from the subsequent issues of ‘PLANEX 
Newsletter’...’ 


- §. Rajagopal, 
Deptt. of Chemical Engineering, 
AJOU University, South Korea. 


‘...The newsletter was very enriching. Thank you for 
sending the newsletter. This was really encouraging and 
informative. Hoping you will bring us some new....’ 


- Tamogna Saha, 


Jadavpur University, Kolkata 


We welcome all comments and criticism from the 


readers. Any suggestions to improve the upcoming 


issues are highly appreciated. Contributions from 


readers are encouraged. 
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MESSENGER got us new insight of Mercury 

Initial Gamma Ray and X-Ray observations of the 
surface of Mercury have revealed presence of sulphur 
and iron. These observations seem to rule out the unusual 
theories thought for the origin of Mercury and indicate 
that it would have formed just like any other rocky planet 
but under reducing conditions. A series of related 
articles have been published in the given issue of 
Science. 

Source: SCIENCE, 333, 30 Sept. 2011. 

Itokawa — a source of ordinary chondrites! 


Analyses of a single grain of the 


returned samples from Itokawa 
100um 


asteroid by Hayabusa mission 
divulge that it is composed of 
olivine with troilite, 
plagioclase and metal. Also, 
Oxygen isotopic studies have 
revealed that Itokawa, an S-type Asteroid may be the 
source of LL or L group of equilibrated ordinary 
chondrites. The figure shows a BSE image of the 
analyzed Itokawa particle RA-QD02-0049. A series of 
related articles have been published in the given issue of 
Science. 

Source: SCIENCE, 333, 26 Aug. 2011 


minor 


Land of twin sunrises! 

NASA’s KEPLER mission has 

discovered the first planet that 

orbits two stars simultaneously. 

Named as Kepler-16b, it is around 

200 light years away from our 

solar system. It is a cold, gaseous world, equivalent to 
Saturn in size and estimated to be composed of half gas 
and half rock. The stars are smaller than our Sun and 
Kepler 16b orbits them in 229 days. The figure is an 
artist’s conception of the trio. 

Source: http:/www.nasa.gov/mission_pages/kepler/news/keple 
r-16b.html 


Black hole spotted absorbing a star 
Recent observations from NASA’s 
Swift mission have revealed that there 
has been an intense and unusual high 
energy flares reaching the Earth from 
the constellation Draco. The source 
for the above has been named as 
Swift J1644+57. It is understood that the cause for this 
unusual event is arousing out of an inactive Black hole in 
the distant galaxy that has tattered and engulfed a star. 


Volume -1, Issue-4, October 2011 


Source: http://www.nasa.gov/mission_pages/swift/bursts/devou 
red-star.html 


MRO detects water flowing on Mars 

Repeated High resolution imaging by HiRISE instrument 
onboard Mars Reconnaissance Orbiter (MRO) indicated 
possible flow of water on Mars at present. These 
conclusions were based on seasonal variations observed 
in dark lineating features at slopy areas of Mars. These 
features were found to appear during summer and fade 
out in winter indicating the possible presence of briny 
water near Martian surface. 

Source: SCIENCE, 333, 5 Aug. 2011 


Solar storm tracked first time ever from Sun to Earth 
NASA’s STEREO spacecraft resolved changes in the 
appearance of coronal mass ejections or CMEs as they 
advance from the Sun towards Earth. Scientists, for the 
first time have succeeded in tracking space weather 
events from the Sun’s ultra hot corona to the Earth. 


Source: http://www.nasa.gov/mission_pages/stereo/news/solars 
torm-tracking.html 


Coolest Stars discovered by WISE 

Star like bodies having 

temperatures even lower 

than that of human body are 

discovered by _ infrared 

observations from NASA’s 

WISE (Wide field Infrared 

Survey Explorer). Termed as Y-Dwarfs, six such bodies 
have been spotted. They are about 40-light years away 
from the Sun. Their mass (and hence the core 
temperature) is too low to fuse nuclei therefore they don’t 
shine like Sun or any other star. The figure illustrates an 
artist's conception of the appearance of a "Y Dwarf”. 


Source :http://www.nasa.gov/mission_pages/WISE/news/wise2 
0110823.html 


Graphene (Planar C4) in Space possibly detected 
NASA’s Spitzer Space telescope has detected signatures 
of Graphene in space. If confirmed, it will be the first 
ever cosmic detection of the material. This will help in 
understanding how carbon based entities and other life 
forms on Earth have developed. The signatures of 
Graphene have been identified 
in two tiny galaxies named as 
Magellanic Clouds. The image 
shows an artist's conception of 
Graphene, “buckyballs” (Ceo) 
and Cy) superimposed on a 


Back to Contents 


picture of a planetary nebula. 
Source: http://www.nasa.gov/mission_pages/spitzer/news/spitze 
r20110815.html 


Building Blocks of DNA can be produced in Space 
The analysis of 12 - carbon rich 

meteorites (9 collected from 

Antarctica) shows presence of 

the components of DNA — 

Adenine and Guanine. These 

findings provided strong 

evidences that DNAs_ were 

actually formed in space. The research is more appealing 
since the study provides further proof that chemical 
reactions inside comets and asteroids may be capable of 
producing building blocks for life. The image depicts an 
artistic impression that meteorites contain numerous 
nucleobases, an important building unit of DNA. 
Source: http://www.nasa.gov/topics/solarsystem/features/dna- 
meteorites.html 


Baptistina fragment ruled out for killing Dinosaurs 
NASA WISE (Wide-Field Infrared Survey Explorer) 
mission has put a question mark on a belief that 
dinosaurs were killed around 65 million years ago due to 
hit from a fragment of asteroid Baptistina. Infrared 
studies from WISE, used to calculate the temperature and 
size of the asteroids, suggests that the Baptistina asteroid 
broke up only 80 million years ago, which is half to what 
was thought earlier (160 million years). Accordingly, it 
has been estimated that Baptistina hit Earth only 15 
million years ago. 

Source: http://www.jpl.nasa.gov/wise/newsfeatures.cfm ?release 
=2011-296 


Source of Water in the Atmosphere of Saturn found 
Observations from Herschel space observatory divulge 
that Saturn’s moon Enceladus 

might be the provenance for 

water in the Saturn’s upper 

atmosphere. It is estimated that it 

is ejecting 250 Kg of water per 

second. An image from Cassini 

shows water evading from Enceladus. 

Source: http://www.esa.int/esaCP/SEMNGHFTFQG_index_0.h 
tml 


Trojan asteroid accompanying Earth around Sun 
NEOWISE project of WISE mission hunting for Near 


Earth Objects (NEOs) has recently spotted two asteroids 
orbiting the Sun in the same orbit as of the Earth. One of 


Volume -1, Issue-4, October 2011 


them named 2010 TK7 

was also confirmed as 

Trojan by ground-based 

telescope _ observation. 

Trojans are small bodies 

that guide or follow a 

planetary body along its orbit without collision. 2010 
TK7 lies at a distance of 80 million kilometers from 
Earth and is around 300 meters in diameter. The image 
shows an artist concept of a Trojan asteroid. 

Source: Nature, 475, 28 July 2011. 


Cassini catches close-up details of Saturn storm 

Data of images and sounds from NASA’s Cassini 
spacecraft revealed the first- 
ever and close-up image of 
storm at Saturn that is 
around 500 times larger 
than what was earlier seen 

by Cassini. The storm which appeared around 35°N of 

Saturn appeared to wrap the entire planet. 

Source: http://www. jpl.nasa.gov/news/news.cfm ?release=2011- 

203 

Finally, Oxygen molecules found in space 

Nearly two centuries after the discovery of Oxygen 

molecule (in 1770), ESA-led Herschel Space 

Observatory has found the first confirming evidence of 

oxygen molecules in Orion star-forming complex. The 

source of these molecules is thought to be the water 

released from icy grains when starlight warms the grains. 

Source: http://www.esa.int/esaSC/SEMUZDITPQG_index_0.html 


Dawn witness spectacular views of Asteroid Vesta 
NASA’s DAWN spacecraft 

has seen some spectacular 

and close-up images of 

striking features of 

Asteroid Vesta. The 

framing camera onboard 

has showed the south pole 

of Vesta in never-seen detail that revealed cliffs of many 
kilometres high, deep groves and craters. DAWN’s 
observation from a distance of 2,700 kilometers helped to 
determine precise orientation of the rotation axis and 
coordinate system of the giant asteroid. The image shows 
the south pole of the giant asteroid. 

Source: http://www.nasa.gov/mission_pages/dawn/news/dawn2 
0110916.html 
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A Search at the edge of the Solar System - Discovery 
of Kuiper belt 


History: The discovery of the first Kuiper belt object 
(other than Pluto) in the outer reaches of our solar 
system beyond Neptune in 1992 is an important 
milestone in the annals of observational planetary 
astronomy. Till then the Kuiper belt had remained little 
more than a conjecture.Its existence had been as 
speculative as the Oort’s cloud of Comets and served a 
similar purpose — as a reservoir of comets but of a shorter 
period (P<200 years). Pluto of course had been 
discovered much earlier in 1930 after a painstaking 
photographic search by Clyde Tombaugh at 
Lowell observatory in Arizona. It had turned 
up as a faint 15" magnitude speck in the 
plates, moving slowly relative to the 
starfield. Pluto’s position was known but 
there was no information about its size or 
mass for the next four decades. It was 
thought to be as big as the earth and hence a 
‘planet’ in its own right. Was it really alone 
in that remote region? As early as 1943 


Dwarf Planet: According to the definition adopted 
by the International Astronomical Union (IAU) in 
2006, a ‘dwarf planet’ is a celestial body that (a) is 
in orbit around the Sun (b) has sufficient mass 
for its self gravity to overcome rigid body forces 
so that it assumes a hydostatic equilibrium 
(round) shape (c) has NOT cleared the 
neighbourhood and its orbit and d) is not a 
satellite. The distinction between a ‘planet’ and a 
‘dwarf planet’ is only in the planet being massive 
enough to clear its neighbourhood of the debris 
of planetesimals. The discovery, since 2000, of 
many large Trans-Neptunian objects including 
Eris which is bigger than Pluto has led to the 
creation of the ‘dwarf planet’ category. IAU 
currently recognizes 5 dwarf planets-Ceres, Pluto, 
Eris, Haumea and Makemake.There are many 
more in the candidates list of dwarf planets from 
the Kuiper belt. 


Edgeworth had conjectured that there could 
exist, beyond the orbit of Neptune, a very 
large number of small bodies. In 1951 Kuiper 
had argued that a belt 
objects in the plane of the solar system could 


of trans-Neptunian 


have existed only in the early solar system as 
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remnants of formation but could not have survived upto 
the present day due to the gravitational disturbance of the 
giant planets. So naming this belt after Kuiper is 
somewhat of a misnomer! 


On the observational side, during the decades following 
Pluto’s discovery a few outer solar system objects had 
been discovered. In 1977 astronomer Charles Kowal had 
discovered a strange object called ‘Chiron’ which 
wandered between the orbits of Saturn and Uranus and 
exhibited a ‘comet like’ tail. Later a similar object called 
‘Pholus’ was recovered. In 1978 astronomer James 
Christy found that Pluto was in fact a binary and had a 
large moon which came to be called ‘Charon’. From 


Figure 1: Discovery images of the Kuiper belt object 1992 QB1 
(encircled ) recorded on 30" Aug 1992 at the 2.2m telescope at Mauna 
Kea, Hawaii. The numbers at the right are times at which the four 
exposures were taken. Note that in the four images 1992 QBI moves 
relative to the bright star on the left and also relative to the star on the 
right. The motion is small - 2.6 arcsec/hour west and 1.1 arcsec/hour 
south. South is up and West is to the left in the images. A rapidly 
moving main belt asteroid is also seen as a trail moving to the left in the 


first three images. The exposure time of each image is 900 seconds. 
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Largest known trans-Neptunian objects (TNOs) 
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Figure 2: A sample of large trans- Neptunian objects .A portion of the 
earth is also shown for comparison of relative sizes. Eris (earlier known as 
Xena and 2003 UB 313) is bigger than Pluto and has a highly elliptical 
orbit. The big four at the top are officially designated (by International 
Astronomical Union ,IAU) as dwarf planets while the four objects at the 
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incredible distance of 11 AU from the sun. 
Nobody had seen a cometary object that far 
out from the sun! Enthused by this success 
Jewitt along with a graduate student Jane 
Luu embarked on a two pronged strategy 
for observational search of the trans- 
Neptunian objects. He used CCDs for 
looking for faint moving objects in small 
star fields and photographic plates for 
brighter moving objects in larger fields. 
The method uses the principle that a solar 
system object moves relative to the ‘fixed’ 
stars in a telescope field. Farther the object 
is from the earth smaller the motion. In a 
rapid comparison of two exposures of the 
same star field taken after a time lapse 
(blink comparator) the movement of the 
solar system object can be readily spotted. 
In order to avoid nearby objects (inner solar 
system objects) Jewitt confined his search 


bottom are candidates awaiting dwarf planet designation. 


Charon’s orbit Pluto’s mass could now be inferred which 
turned out to be quite small (~1/500 of the Earth’s mass). 
So Pluto could no longer be called a planet but only a 
dwarf planet. 


Discovery: 


In the early 1980s the population of objects in the region 
of Pluto was still an open question. It was around this 
time that astronomer David Jewitt then at MIT became 
interested in the problem of trans-Neptunian objects. 
There were two possibilities:- 


(a) The Trans-Neptunian region was really empty due to 
some dynamical instability in the region . 


(b) There was a huge population of very faint objects 
below the detection limits of existing telescopes and 
instrumentation. 


Fortunately it was around the same time that a revolution 
was taking place in astronomical detectors. The large but 
inefficient photographic plates were about to be replaced 
by the first electronic cameras called ‘Charge Coupled 
Detectors (CCD)’ Jewitt could use one such device 
coupled to the 200 inch (5m) Palomar telescope to look 
for Comet Halley in 1982. He was successful in 
recovering Comet Halley asa faint 24" magnitude object 


(a full four years before its perihelion passage) at an 


to objects moving slower than about 10 

arcseconds/hour which corresponds 
approximately to objects near the orbit of Saturn. He 
therefore called his project - A search for Slow moving 
Objects (SMO). 


The search for SMOs continued for many years 
throughout the 1980s without any success. Initially the 
1.3m telescope in Arizona was used and later the project 
moved to the 2.2 m telescope at Hawaii. During these 
years the CCD technology has improved tremendously 
with arrays 20 times the size of the earlier small arrays 
becoming available and with greater sensitivity. The time 
and circumstances were ripe for a discovery to be made. 
It finally happened on 30" Aug 1992 at the 2.2m 
telescope atop Mauna Kea, Hawaii. Four CCD images 
(Fig. 1) taken in the plane of the solar system showed a 
slow moving object at about 3 arcsec/hour. This SMO 
was a real trans-Neptunian object (TNO). From the 
angular speed the distance to the object could be 
calculated and from its brightness the approximate size 
could be estimated. The object came to be called 1992 
QB1 was at a distance of about 41 AU from the sun with 
an orbital period of 296 years.Its size was estimated to be 
about 250 km. 


Future:After the first SMO other objects in the region 
were discovered regularly so that presently about 1300 of 
them are known. It is believed that over 70000 KBOs 
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with sizes larger than 100 km could exist in this belt 
ranging in distance from about 30 to 55 AU from the sun 
in the plane of the solar system. So we have seen only the 
proverbial tip of the iceberg about Kuiper belt objects 
(KBO) so far. It is also known from studies in mid 1990s 
that Kuiper belt is dynamically stable and the reservoir of 
short period comets lies farther out in a dynamically 
active region called the scattered disk. Eris the largest 
Trans-Neptunian object which is 27% more massive than 
Pluto is a member of this scattered disk. Since the year 
2000 a large number of TNOs with diameters ranging 
from 500 to 1500 km have been discovered. (Fig. 2). 
Many of them like Pluto are in binary or multiple 
systems which is another peculiarity of these objects. 
Triton-the large moon of Neptune is also today 
considered to be a KBO having been captured by 
Neptune. The exploration of the trans-Neptunian region 
received a big boost with the launch of a space mission 
to Pluto on December 1, 2006. Called ‘New Horizons’ 
the spacecraft is racing across the solar system for its 
encounter with Pluto on July 14, 2015 — less than 4 years 
from now. The spacecraft flew by Jupiter in 2007, 
crossed the orbit of Saturn in 2008 and that of Uranus in 
2011. The spacecraft will study Pluto and its many 
moons and also continue further into the Kuiper belt. We 
can look forward to a rapid growth in our knowledge of 
the outer solar system in the coming years. 


At this time it is good to remember that it all became 
possible because at the right time Jewitt and Luu asked 
« ,..an extremely simple question about the emptiness 
of the outer solar system and pursued the answer to 
the end..”. 


Further Reading: 


1.David Jewitt and Jane Luu, 1993, Nature, 362, 730 
“Discovery of candidate Kuiper belt Object 1992 QB1”. 

2. David Jewitt Astronomy Beat, 2010, 48, 1 “ The Discovery 
of the Kuiper Belt” 

3. Kuiper Belt - Wikipedia. 


T. Chandrasekhar 

Physical Research Laboratory 
Ahmedabad 

E-Mail: chandra@prl.res.in 
Contact: +91-(0)79-2631 4615 
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Chondrules — the enigmatic early solar system 
solids 


Introduction 


Chondrules, the most abundant constituent of chondrites, 
are small spherical silicate objects, formed by flash 
melting of solid precursors followed by rapid cooling. 
Nearly 80% of the meteorites that falls on the Earth are 
usually chondrites. The similar chemical composition of 
chondrites and the Sun’s photosphere suggests that 
chondrites represent the original material from which our 
solar system has evolved. Chondrites originate from 
primitive asteroids. Due to their small sizes asteroids 
remain thermally inactive preserving the original 
chemical composition. Therefore chondrites are the only 
available samples to study early history of our solar 
system formation. Chondrites are so named because they 
contain significant amount of small (at most millimeter- 
sized) spherules called chondrules. The word ‘chondrule’ 
comes from an ancient Greek word ‘chondros’ meaning 
grain. Their high abundance indicates that formation of 
chondrules was an efficient process, making it important 
astrophysical event occurred during the early stages of 
our solar system formation. However the formation 
process of chondrules is highly controversial and is one 
of the best debated features of meteorites. This article 
summarizes the present understanding on chondrules, the 
enigmatic early solar system solids, in the simplest 
possible way. 


Properties of chondrules 


The chondrules generally show large variation in their 
properties including physical, chemical, isotopic and 
mineralogical properties. Representative microscopic/ 
backscattered electron images of chondrules are shown in 
Fig.1. 


Physical properties 


Generally chondrules should be spherical as_ they 
crystallized from liquid droplets but most chondrules are 
not spheres. Significant fraction found as fragments, 
some are molded with each other while others were 
partially melted so surface tension could not make them 
spherical. The physical properties such as shape and 
texture allow to draw major constraints for the chondrule 
formation scenario: 
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> Melting of freely floating precursor grains by flash 
heating in presence of nebular gas and rapid 
crystallization of a molten droplet. 


See See 
6 gS 
9 ae — , ': 


Figure 1: Images of chondrules and chondrule textures. (a) Piece of Dhajala meteorite 
with chondrules on surface. (b) Thick cross-section of a CR2 meteorite, chondrules are 
visible as circles. (c) Separated chondrule from Allende meteorite (> Imm diameter). 
Back-scattered electron (BSE) images: (d) a porphyritic pyroxene (PP) chondrule from 
Dhajala meteorite (e) a chondrule from Parsa meteorite with single texture (f) a 
chondrule with rim from Chainpur meteorite (g) Barred-olivine chondrule from 
Murray meteorite (h) porphyritic olivine (PO) chondrule with rim from Allende 
meteorite (i) elliptical micro-crystalline chondrule with faint rim from Bjurboéle 


meteorite. 


> Different textures indicate different melting and 
cooling rates, e.g., porphyritic texture (bigger mineral 
grains) suggest incomplete melting of precursors 
while microcrystalline texture suggest faster cooling 
history. 


Chemical properties 


Chondrules show wide variety of chemical composition 
which can be attributed to variety of precursors as well as 
different environment conditions during their formation. 
Chondrules are commonly divided into two groups: 
type-I and type-II, based on bulk FeO content. Type-I 
chondrules are characterized as FeO-poor olivine and 
pyroxene whereas type-II chondrules are FeO-rich 
olivine and pyroxene. These two catergories are further 
divided into two subtypes, A and B based on their 


abundances of olivine and pyroxene. Type-IA and 
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type-IIA contain high olivine (> 80 vol%), type-IB and 
type-IIB contain abundant pyroxene (> 80 vol%). In case 
of intermediate abundance of olivine and pyroxene, 
chondrules are classified as 
type-IAB or _ type-IJAB. 
Volatile elements in 
chondrules and _ respective 
matrix are complimentary 
where matrix is rich in volatile 
elements compared to 
chondrules which indicate that 
chondritic components 
(chondrules and matrix) are 
nebular 

show 


formed in same 

region. | Chondrules 
elemental correlation related to 
the volatility and chemical 
affinity of the elements. For 
example, refractory lithophiles 
(like Al, Ca, Ti) correlate with 
the presence of FeO-poor 
olivine in ordinary and 
enstatite chondrites while with 
the FeO-poor pyroxene in CM 
CO 
expected siderophile and 
chalcophile (like Fe, Co, Ni 
and Se) elements are generally 
associated with the metal and 


and chondrites. As 


troilite phases in chondrules. 
Isotopic properties 


Studies of oxygen isotopes, volatile elements, noble 
gases and short-lived radionuclides (e.g., Al-Mg, Mn-Cr, 
I-Xe) as well as long-lived radionuclides (e.g., Pb-Pb 
dating) have been performed on the chondrules to 
understand about chondrule precursors, the chondrule 
formation scenario, the surrounding environment during 
chondrule formation and timing of chondrule formation. 
Following I will discuss two major properties of 
chondrules inferred by isotopic studies: 


Oxygen isotopes in chondrules: In general, study of 


oxygen isotopes show large diversity among chondrules 
as well as within the various chondrite groups. On 
oxygen three isotope diagram (5'°O vs. 8'’0), bulk O- 
isotopic compositions of most chondrules in ordinary, 
enstatite and carbonaceous chondrites plot above, along 
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5. O (%e rel. SMOW) 


(From Clayton. R., 1993, Oxygen Isotopes in Meteorites. Annu. Rev. Earth 
Planet. Sci., v.21, p. 123.) 


Figure. 2: The oxygen isotopic composition of chondrules 
with respects Earth, Moon and CAIs. Oxygen-bearing 
terrestrial materials lie on a mass-fractionation line of 
slope 0.52 called the terrestrial fractionation (TF) line. 
The refractory inclusions (CAIs) and chondrules fall on 
slope 1 line. Note that the variations in O-isotopic ratios 
are larger for CAIs and chondrules than for rocks from 
Earth and Moon. 

and below terrestrial fractionation line (with slope 0.5 
and result of mass dependent fractionation between 
oxygen isotopes) respectively (as shown in Fig. 2). These 
observations are commonly interpreted as presence of 
isotopically heterogeneous precursor materials in 
chondrules and O-isotopic exchange between '°O-rich 
and '°O-poor reservoirs during chondrule formation 
event. It may be also due to different oxygen composition 
in the chondrule forming region of solar nebula. In a 
nutshell, the current interpretation of oxygen isotope data 
for chondrules suggests: (1) that there were isotopic 
differences among chondrule precursors in different 
chondrite groups as well as among chondrules, and (2) 
that chondrules preserve evidence for isotopic interaction 
with the ambient gas while they were molten. The 
ambient gas may have been common to all chondrite 
groups. 

Lack of isotopic fractionation in chondrules: 
Chondrules show fundamental discrepancy between 
chemical and isotopic fractionations. It is generally 
observed that chondrules are depleted in volatile 


elements like S, K, Na, Fe, Mg etc., and suggesting 
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chemical fractionation compared to refractory elements 
like Al. However, chondrules are not isotopically 
fractionated for volatile elements like K. As known, 
evaporation results in enrichment of heavy isotopes in the 
residue. The largest isotopic fractionation occurs during 
Rayleigh fractionation and the isotopic fractionations 
correlate with the extent of volatile loss or gain. It is 
widely accepted that evaporated gas was not fully lost 
from the chondrules and significant amount of it 
condensed back during cooling (crystallization of 
chondrules) most likely due to dense environment 
surrounding the chondrules. 


Mineralogy of chondrules 


The most common type of chondrules are composed of 
ferromagnesian minerals olivine [(Mg,Fe)2Si04], low- 
Ca pyroxene and high-Ca pyroxene [(Mg,Fe)SiO3] and 
plagioclase (CaAl,Si,0g — NaA1Si303). Olivine minerals 
have composition with any ratio of Fe/Mg i.e., between 
Mg end-member (Forsterite) and Fe end-member 
(Fayalite). Different varieties of pyroxene that have 
varying amounts of Ca and Mg are also present. These 
minerals are found between silicate glass mesostasis 
(mainly plagioclase) rich in Na, Al, Si, Ca and K relative 
to chondrule bulk composition. Metal (Fe, Ni) and/or 
metal sulfide (i.e. FeS) are found as independent blebs 
inside chondrules or as rim on the chondrule surface. 


Constraints for chondrule formation process 


Detailed studies on mineralogy and petrographic features 
of chondrules as well as lab experiments to produce 
chondrule like spherules provide constraints which must 
be considered while proposing origin of chondrules and 
their formation process. It is widely accepted that 
chondrules were formed by flash heating (heating 
durations: few minutes, peak temperature: up to 2100 K) 
of precursors present in solar nebular space. This was 
followed by rapid cooling (tens of seconds to several 
minutes) resulting in crystallization of spherical objects. 
The other major constrain is variation of oxidation states 
during chondrule formation responsible for forming 
Type-I (formed in reducing environment) and Type-II 
(formed in oxidizing environments) chondrules 


Most viable model for chondrule formation 


Based on recent work including new isotopic, 
mineralogical and petrological findings it is widely 
accepted that chondrules were formed in nebular 
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environment. Among several nebular origin models like 
lightning, bipolar out flows from young Sun (X-wind), 
shock waves and collisions between smaller objects, 
Among these, nebular shock wave model is widely 
accepted by the cosmochemists. According to this model 
a shock wave of hot, high-speed gas abruptly heat and 
compress nebula of gas and dust. The sudden overrun by 
shock wave accelerate the dust particles present in nebula 
at several kilometers per second. Friction and/or drag 
from collisions of gas molecules heat the particles. In 
addition particles can also be heated radiatively and 
conductively by the hot post-shock gas until cooling 
begins. For example, micrometer-sized particles attain 
the speed of shock wave after few hundred meters of the 
dragging, whereas millimeter-sized particles drag for 
hundreds of kilometers before matching the speed of 
shock wave. This size dependent dragging results in 
variety of heating duration as well as peak temperatures 
for these nebular particles as required to explain variety 
of textures and sizes for chondrules. However, it is not 
certain that how the nebular shock waves were generated. 
Although there are some possible events like nearby 
supernova explosion, gravitational instabilities in 
protoplanetary disk, planetesimals moving supersonically 
relative to nebula. Detailed theoretical calculations are 
being provided to satisfy various major constraints. 


Further reading: 

1. Jones R. H., Grossman J. N., and Rubin A. E. (2005) 
Chemical, mineralogical and isotopic properties of 
chondrules: clues to their origin. In Chondrites and 
the protoplanetary disk, edited by Krot A. N., Scott E. 
R. D., and Reipurth B. San Francisco: Astronomical 
society of the Pacific. pp. 251-285. 

2. Sears D. W. G. (2004) The origin of chondrules and 
chondrites Cambridge University Press. 

3. B. Zanda (2004) Chondrules. Earth and Planetary 
Science Letters 224, pp 1-17. 

4. Lauretta D. S., Nagahara H., and Alexander C’ MO D 
(2006) Petrology and origin of Ferromagnesian 
silicate chondrules. In Meteoritics and Early Solar 
System-II, edited by Lauretta D. S. and McSween H. 
Y.: Tucson: The university of Arizona Press. pp 431- 
459. 
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Physics and application of _ scintillation 
phenomenon 


The awareness of phenomenon of scintillation is there to 
human since very early days. Ancient man looked at the 
sky and wondered about its variation and beauty in the 
form of twinkling of stars. Scintillation or twinkling of a 
celestial object is generic term for rapid variations in 
apparent brightness or color of a distant luminous object 
viewed through the atmosphere. If the object lies outside 
the Earth's atmosphere, as in the case of stars, the 
phenomenon is termed astronomical scintillation; if the 
luminous source lies within the atmosphere, the 
phenomenon is termed terrestrial scintillation. 


The scintillation in the form of twinkling of stars is best 
described in a very popular English Rhyme for young 
children which reads as 


Twinkle twinkle little star 
How I wonder what you are .... 


This means that we all know quite well that stars in the 
night sky twinkle. Though poet probably did not intend 
to say that only little ones twinkle, but today we know 
that only tiny stars twinkle and the celestial objects 
having apparent size large like planets mostly do not 
twinkle. Fig. 1 shows a typical scene of sky in a dark 
night. 


> 


Figure 1: Typical night sky at a remote site, many of 
the stars twinkle. 


The twinkling of stars or atmospheric scintillation is 
defined as variations in their luminance. This is also 
termed as atmospheric seeing in the literature. It is 
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clearly established that twinkling and all other 
scintillation effects are caused by anomalous refraction 
caused by small-scale fluctuation in air density usually 
related to temperature gradients and irregular densities in 
the wind motion 
transporting such fluctuations across the observer's line 


of sight produces the irregular changes in intensity 


propagating medium. Normal 


characteristic of scintillation. The primary cause of such 
small scale fluctuations is turbulent mixing of air with 
different temperatures. Scintillation effects are always 
much more pronounced near the horizon than near the 
zenith (straight up). Parcels of air in the centimeters to 
decimeters range are believed to produce most of the 
scintillatory irregularities in the atmosphere. 
Atmospheric scintillation is measured quantitatively 
using a scintillometer. Scintillation effects are reduced by 
using a larger receiver aperture. This effect is known as 
aperture averaging. In the upper atmosphere: there are 
little pockets of air that have different density, 
temperature, humidity etc. than the surrounding air. The 
density contrast causes refraction, and as different cells 
move in and out of your line of sight, the image of the 
star (which is point-like) is seen to move around from 
one site to the next. This movement is seen as twinkling 
by the eyes; if you take a photograph over several 
minutes, as astronomers often do, then the image 
becomes blurred. The seeing (this blurring) can be as 
good as ~0.5 second of arc (1 second of arc is 1/3600 th 
of a degree) at the best astronomical sites on Earth, while 
the worst ever seen at a professional observatory is 
reported about 8 seconds of arc (under such atmospheric 
conditions astronomers give up observing that night; 
more typically, 2 seconds of arc would be considered bad 
by today's professional astronomers). Here, an attempt is 
made to describe basic principle and the effect of source 
size for the scintillation phenomenon. The phenomenon 
occurs at several locations and conditions in nature. The 
salient features of these are also summarized in the 
following sections. 


Unaided-eye observations 

The twinkling of stars can be viewed very easily with 
unaided-eye. Dark nights at remote place, away from a 
large city or town would provide a very interesting 
observation possibility of this phenomenon. The 
observers can clearly compare the twinkling of stars as a 
function of elevation. The stars near the horizon twinkle 


more than those at higher elevation. One can monitor few 
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stars from East to West during the night; can easily learn 
that when the star is near horizon either in East or West, 
it twinkle more than when the same star is overhead. 
More careful observation can easily reveal the effect of 
source size. There are occasions when along with 
twinkling there is also dispersion of star light which 
changes the colour of the star. In such occasions one sees 
the star in different colours while twinkling, this is 
usually termed as colour scintillation. 


One very interesting and exciting manifestation of this 
phenomenon is in the form of shadow bands. These form 
just before and immediately after the total solar eclipse 
(TSE). At these times, the Sun is visible as a tiny arc 
which is equivalent to series of tiny stars and each of 
them forms a scintillation pattern. These patterns will be 
placed on the ground one after the other; along the arc 
these will get smeared and while in the perpendicular 
direction there will be no smearing. Thus dots of the 
pattern seen in Fig. 3 will take the shape of bands. The 
motion of the wind and ever changing turbulence in the 
atmosphere make these bands drift across in various 
shapes and size. The resulting scene is very unique. So 
far the longest and the best shadow bands observations 
were recorded at Maitri, Indian Antarctic Observatory on 
23 November 2003 during TSE. This total solar eclipse 
was of very low elevation < 1° and thus the light from the 
arc of the Sun before and after the totality had a very 
long path length through the turbulent atmosphere. The 
large path length through the turbulent atmosphere 
resulted into clearer and longer duration shadow bands. 
The shadow bands began 4 min. before the totality and 
lasted for 7 minutes after. The bands were clearer than all 
the previous recordings of this phenomenon. 


Telescope observations 

The twinkling phenomenon is of utmost interest to 
astronomers who view the skies from ground-based 
telescopes. The twinkling has an adverse effect on the 
observations. The best observatories are those where the 
twinkling phenomenon is minimized. Examples include 
the Kea 
Astronomical Observatory at Hanle and observatories in 
the foothills of the Andes Mountains in northern Chile. 
However, astronomers have developed the ways to 


Mauna Observatory in Hawaii, Indian 


largely get rid of this effect. It is done by monitoring the 
random deflections of the atmosphere and, within the 
telescope, to bend the deflected light back onto its 
original path. This optical technique is given the name 
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adaptive optics. The other alternative is to place a 
telescope in orbit above the atmosphere, as with the 
Hubble Space Telescope. While modulation variations 
are present, it is the deflection of light that causes the 
most serious problems. The entrance pupil of an optical 
telescope is often much larger than the characteristic size 
of atmospheric irregularities. The composite star image 
produced by a large telescope is a blurry circle that 
results when the randomly deflected light waves are 
added together in an extended time exposure. To 
diminish atmospheric effects, telescopes are built on high 
mountains, and are placed at least 30-45 m (100-150 ft) 
above the ground. 


Radio observations of scintillation phenomenon 

The radio observations of this phenomenon have three 
possibilities, _ namely, ionospheric scintillation, 
interplanetary scintillation and interstellar scintillation. 
There could be intergalactic scintillation, but this has not 
been observed so far. The salient features of the radio 
observations of the scintillation phenomenon are given 


below: 


Ionospheric scintillation 

There are plasma irregularities in all these regions in 
irregularly structured ionospheric regions can cause 
diffraction and scattering of trans-ionospheric radio 
signals. When received at an antenna, these signals 
present random temporal fluctuations in both amplitude 
and phase. This is known as ionospheric scintillation. 
This was first observed in 1948 by the radio observation 
of Cygnus A. Subsequent experimental and theoretical 
investigations established ionospheric scintillation can be 
observed by radio signals of stars ( of angular diameter < 
1 arc minute) and the radio beacons from the orbiting and 
geostationary satellites. It is now well known that the 
plasma irregularies in E and F region of the ionosphere 
the 
Ionospheric scintillation may cause problems such as 
signal power fading, phase cycle slips, receiver loss of 


are main cause of ionospheric scintillation. 


lock, etc., and degrade the quality of satellite navigation 
systems and radio communications. The ionospheric 
irregularities are one key component of the space 
weather. 


Solar activity such as flares and coronal mass ejections 
often produce large variations in the particle and 


electromagnetic radiation incident upon the Earth. Such 
variations can, in turn, lead to disturbances of the "quiet- 
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These 
disturbances, when affecting the ionosphere are known as 


time" magnetosphere and ionosphere. 
ionospheric storms; tend to generate large disturbances in 
ionospheric density distribution, total electron content, 
and the ionospheric current system. Ionospheric storms 
have important terrestrial consequences such as 
disrupting 
communications and 
interrupting the flow 


satellite 
ee “—_ ia 


> a Aleu 


of electrical energy oe eg 


over power grids. 
They also provide 


=. 


the most challenging Distorted wave front 


conditions under 
which accurate Intensity pattern 
assessment of the 
vertical delay 
calibrations, to be 


: ; Figure 2: Schematic view of 
used in the aircraft 


; scintillation phenomenon 
navigation system 
and must be maintained. Thus, it is important to monitor 
such storms, and, if possible, forecast their evolution. 
The ability to use the global GPS network to generate 
global maps of the ionosphere's total electron content 
(TEC) in near real-time presents us with a new and 
powerful tool for not only detecting ionospheric storms 
and monitoring their behavior, but also for pursuing 
scientific research that will lead to a more complete 
understanding of storm phenomena. Although 
ionospheric scintillation is highly random, however, 
observed statistical features of the phenomenon are as 
follows: 

1.Daytime ionospheric scintillation is due to plasma 
irregularities present in the E and sporadic E layers of 
the ionosphere. More common occurrence of this is 
around 9 and 15 hours local time. 

2. Night-time ionospheric scintillation is due to 
irregularities of spread F layer of the ionosphere. More 
common occurrence is post-mid night. 

3.Night-time scintillation is usually more intense than 
daytime one. 

4. Ionospheric scintillation is 
equinoctial months. 

5.Ionospheric scintillation has two high occurrence 
regions around the globe; (1) Equatorial belt and (2) 
Polar regions. In mid latitude this activity is less. 


more intense during 


The investigations of ionospheric scintillation have 
revealed several properties and formation process of the 
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plasma irregularities in the different regions of the 
ionosphere. 


Interplanetary scintillation 

The outer most terrestrial environment is magnetosphere 
and outside this is the interplanetary medium. This 
medium is filled with the plasma continuously flowing 
out from the solar corona in the form of ‘solar wind’. 
This solar plasma is not uniform; it has irregularities as a 
function of both time and space. When signal from 
compact radio sources (angular diameter < 1” arc) passes 
through this interplanetary medium, as explained earlier, 
the signal undergoes random phase variation and 
produces a diffraction pattern on the Earth. Since solar 
wind moves outward from the Sun with a velocity in the 
range of 250 -1250 km/sec, the intensity fluctuations seen 
by a stationary radio telescope are very rapid (fading rate 
faster than 1 per sec). These rapid fluctuations in the 
intensity of a compact radio source, caused by the solar 
plasma irregularities are called interplanetary 
scintillation. The interplanetary scintillation varies with 
the direction of the line of sight through the medium, 
being largest close to the Sun where plasma density is 
greatest. The investigations of interplanetary scintillation 
are useful for the estimation of following: 


1.The density deviation and the scale size of the plasma 
irregularities in the medium. 


2.The solar wind velocity by comparing the spatial 
fluctuations of the pattern as it drifts. 


3.The angular structure of radio sources in the range of 
0.01 -1 arcsec. 


These are derived usually by comparing observations 
with the theoretical simulations. Most observations 
revealed that the interplanetary scintillation has two 
regimes of scattering e.g. weak and strong scintillation. A 
spherically symmetric model of the interplanetary 
medium is found to describe the experimental spectra 
well in most cases. It is known that observations at higher 
elongations exceeding 60 deg, where the effect of source 
size on the spectrum is relatively small, are more 
advantageous for studying the interplanetary plasma. The 
observations at smaller elongations say of the order of 30 
deg or less makes it possible to estimate the sizes of 


scintillating sources. 


Interstellar scintillation 
The medium between the stars in our galaxy as well as in 


other galaxies is called interstellar medium. This medium 
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is known to have plasma which is usually not uniform. 
Thus, the radio waves from very compact sources while 
passing through such a medium undergoes fluctuations. 
These are termed as interstellar scintillation. Such 
sources are radio pulsars which exhibit interstellar 
scintillation. This effect is stronger at meter wavelength. 
It is found that the interstellar scintillation is larger in the 
inner parts of our galaxy and decreases away from the 
galactic center. The typical fading period, pattern scale 
and scattering distance are about 10 minutes, 10° km and 
10'° km_ respectively. The studies of interstellar 
scintillation at radio wavelength have been used to 
estimate (1) medium velocity transverse to the line of 
sight and (2) the inclination of the orbit of binary pulsars. 


The medium between the galaxies is called intergalactic 
medium. At present very little is known about this 


medium. This medium is extremely sparse by 
comparison with any other medium, however, the greater 
path length in the galactic medium adequately 


compensate for this. There should be scattering of 
electromagnetic waves within it, but it is yet to be 
convincingly detected. In this way it prudent to say that 
scintillation phenomenon prevails in nature at far and 
wide locations. The study of the phenomenon is very 
interesting and scientifically useful. 


The basic cause of these fluctuations: 

It is easy to assume that light from a distant star reaches 
our atmosphere almost in the form of plane wave front as 
shown in Fig. 2. The atmosphere has irregularities and 
these can be represented by the random patchiness in the 
medium. The irregularities will have refractive index 
slightly different than the ambient medium. If the 
absorption of the waves in the medium is neglected 
(which is usually applicable in most situations), the phase 
of the plane wave front after passing through such a 
medium will get distorted. 


The different portions of this phase distorted wave front 
will act as individual sources. The waves from these will 
interfere with each other. The interference can be of two 
type; (1) constructive interference; wherein the signals 
from most waves get added. The amplitude and/or 
intensity will enhance. The star will appear brighter. (2) 
Destructive interference; wherein the signals mostly will 
cancel each other. Thus amplitude and/or intensity will 
diminish, could become zero (no signal). The star will be 
invisible in this situation. A typical pattern as a function 


Back to Contents 


ie 


of space and time can be represented as shown in the 
Fig: 2. 


The effect of source size: 

The effect of source size for scintillation can be 
visualized by looking a tiny star and broad source e. g. 
Moon, planets, bigger stars. An example is shown in the 
Fig. 3 below. There are sky views of two objects at night. 
The atmospheric turbulence makes scintillation pattern of 
a tiny star in the observer’s plane and the pattern of broad 
source gets smeared to produce simple image of the 


source as shown in figure below: 


The 
effect could also 


es source size 
be explained on 
the basis of the 
principle of 
superposition of 
coherent 


. . waves. 
Sees In the observer's plane 
Figure 3: (left) Pattern of a 
scintillation of tiny star and (right) 
a broad source 


The waves from 
broad source are 
incoherent and 

hence do not form 
sustained interference pattern. As the turbulence in the air 
moves due to wind the scintillation pattern of the star is 
not stationary. It moves and causes flicker of a star in our 


eyes. Thus flicker depends on three factors: 


1. Size of the source 
2. Amount of turbulence in the medium and 
3. Wind velocity 


Thus scintillation is a very interesting and universal 

phenomenon. The readers may refer to the following 

articles and references therein for more information and 

details of this phenomenon: 

Further Reading: 

1. H.G. Booker and G. Mayidiahi. J. atmos. terr. Phys., 43, 
IIL jo. IG 

2. H.G. Booker and H.O. Vats. Radio Science, 20, 1985, p. 
833. 

3. B.J. Rickett, Ann. Rev. Astron. & Astrophys, 15, 1977, p. 
479 

4. H.O. Vats. Radio Science, 16, 1981, p. 393. 

5. H.O. Vats, H.G. Booker and G. Majidiahi. J. atmos. terr. 
Phys., 43 1981, p. 1235. 

6. N.J. Woolf, Ann. Rev. Astron. & Astrophys, 19, 1981, p. 
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Search of another Gaia 


One of the founding fathers of Rocketry and space 
exploration, Hermann Oberth defined the goal of space 
science as “To make available for life every place where 
life is possible. To make inhabitable all worlds as yet 
uninhabitable and all life purposeful. ” 


Quest for life beyond Earth has motivated mankind to 
explore the infinite universe for a long time. A region 
around a star where a planet could sustain life is known 
as ‘habitable zone’. Discovery of a planetary system 
around star Gliese 581, the potentially habitable 
exoplanet system has invoked excitement in the scientific 
community. But this is not it, for NASA’s Kepler mission 
specially designed to discover ‘Earth like planets’ has 
found 1235 planetary candidates, revolving around 997 
host stars in which 68 planets are earth like in size and 54 
lie in the habitable zone(NASA/Kepler News release). 
This statistic is mind boggling since this single mission 
has found more than twice the number of possible 
exoplanets than known before, unraveling so many 
possibilities! 


A habitable Zone planet is neither too close to its host 
star to be so hot that it vaporizes all its water and not too 
far to freeze it all together. But this criterion of ‘not too 
hot and not too cold but just warm enough’ isn’t enough 
to describe this habitable zone (also called as the 
Goldilocks Zone). Then what makes a planet habitable? 


Candidate Multi-Planet Systems 
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Figure 1: Exoplanets discovered by NASA’a Kepler 
Mission. (Source: NASA) 
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Figure 2: Classically defined habitable zone. 


(From http://astronomy.nmsu.edu/tharriso/ast105/Exoplanets.html) 


Presence of a dense atmosphere plays a very important 
role in stabilizing the surface temperatures through 
climate feedbacks like the ‘greenhouse effect’ and 
therefore is one of the important criteria for habitability. 
Planetary magnetic fields are generated by a motion of 
highly conductive fluid within the planet. They 
contribute to the evolution of the planetary body by 
creating thermal and compositional convection. Presence 


Figure 3: Earth’s magnetic field provides protection from 
Solar wind erosion (Source: NASA) 


of magnetic field protects atmosphere from solar wind 
erosion and high energy cosmic rays. This convection 
gives rise to another interesting phenomenon, plate 
tectonics. Plate tectonics has played a very important role 
in the evolution of life on earth. It has an effect on the 
terrestrial atmosphere by recycling of volatiles such as 
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the 
changing 


influence surface 

By the 
environments and creating new habitats 
plate tectonic has become a driving 


CO, and 
temperature. 


force for the process of evolution of life 
on earth. 


A living organism is a system that can 
with 
exchanging materials with outside, and 
capable of reproducing itself. But a line 
between living and non living entity is 
not so crystal clear. Viruses for that 


interact its environment, 


matter are crystalline solids made up of 
proteins. But when they enter into a 
right host cell, they can use the cell 
chemistry of reproduce themselves. 
Life can thrive in extreme conditions; 
studies the 
Chernobyl area show unexpected survival of species of 
insects and plants. In deep reaches of oceans there exist 


ecological around 


fissures of geothermally heated saline brines associated 
with metalliferous mud near mid oceanic ridges called as 
hydrothermal vents. These highly saline hot solutions 


Parameters Limits of Life as we know it on 
Earth 

Temperature 0113 -€ 

Surface > 100 MPa 

Pressure 

Acidity (pH) >12 

UV Radiation On early Earth 200-400nm range of 
the 25% luminous Sun reached on 
the surface 

Atmospheric Pure CO, can be tolerated by some 

Composition organisms, High N> will not prevent 
life 

Water Liq H,O should be present, but 

Availability, some halophilic organisms live in 


liquid H,O on_ high (4-5M) NaCl 
the surface 


Table 1: Limits of life as we know it (Crockell 1999) 


emanating from submarine volcanoes were thought to be 
inhospitable for a long time until in 1977 a group of 
marine geologists discovered a plethora of life forms 
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LARGE MOONS 


Figure 4: Possible locations of liquid layers on satellites of gas giants as a 
function of depth; 1. completely frozen, 2. three layered structure impeding 
any contact between the liquid layer and silicate core, 3. thick icy layer above 


the ocean and 4. a thick ocean. 


(Source: http://www. springerimages.com/Images/Physics/1-10.1007_s10686- 


008-9127-4-3) 

thriving on chemosynthesis. These hydrothermal vents 
are present in Europa and their existence is also 
speculated on ancient Martian environments, making 
them one of the candidates of habitable for life. 


There are four classes of planetary bodies that could host 
life, depending on their evolution and physico-chemical 
characteristics. Class I consists of earth like planets, that 
could sustain multicellular life. Activity of their host stars 
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and their distance from the host star is 
adequate enough for them to form a 
stable atmosphere and can cope with the 
plate tectonic activities and its influence 
on the planet over a geological time 
span. 


Class II is of those planets that revolve 
around a low mass star (M and K types) 
at a comparatively shorter distance so 
that they can maintain their atmosphere 
and magnetic field but are exposed to 
extreme radiation from the star. Venus 
or very early Mars could be such 
planets, where water rich surface 
conditions may have existed for a few 
hundreds of millions years until their 
magnetic dynamo dies and atmosphere 
started escaping. 


Class III constitutes of planetary bodies 
with subsurface oceans interacting with 
silicates, like large satellites of the gas 
giants may have conditions that are 
necessary for survival of life. The 
existence of such ocean in contact with 
silicate core has been inferred on 
Europa, by data of induced magnetic 
field from Galileo mission. This 
provides a _ possibility of chemical 
interactions between water and rock that 
could support life. As illustrated in Fig. 
4, thick icy layer above the ocean or the 
ocean itself are probable on Europa 
which could sustain chemotrophic life. 


Class IV are bodies like Enceladus, 
Ganymede and Callisto, the ‘ocean 
planets’, that have subsurface water 
reservoirs that do not interact with the 
silicate layers. These subsurface water 
bodies may exist between different ice layers as pockets. 
Saturn’s moon Enceladus possesses active plumes and 
jets of gases like N», CO», CHs emanating from the south 
pole which may originate from such pockets. This could 
contribute to reaction pathways and nutrients to 
chemoautotrophic life. According to the ‘Cold Geyser’ 
model, the source of jets on Enceladus is most likely a 
sub surface reservoir. Further 
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investigation of these icy satellites would provide more 
clues towards its habitability (Lammer et al., 2009). 


| Enceladus “Cold geyser” Model 


> H,O vapor plus ice particles 


H,O Ice T=~77K 
Vent to surface 


Pressurized Liquid H,0 Pocket T= 273K 


"r»¥wv 


Hydrothermal Circulation 
& Convecting Ice 


Hot Rock 


Tidal Heating Tidal Heating 


Figure 5: Model of Enceladus plumes. 
(Source: http://www.astro.virginia.edu) 


The concept of habitable zone is ever changing and with 
the discovery of bacteria using Arsenic as one of the 
nutrients, it opens vista of new possibilities. These 
bacteria from Mono Lake, California when supplied with 
arsenic which is otherwise a toxic element, replace 
phosphorus, one of the six building block elements of 
life, with arsenic (Wolfe-Simon et al. 2011). This 
discovery suggests that our understanding of life is still 
limited and there are yet more unknown worlds waiting 
to be unveiled. 


Further Reading: 


1. Lammer et al, What makes a planet habitable? 

2. Astronomy and Astrophysics review (2009) 17:181- 
249 

3. Wolfe-Simon et al, A Bacterium That Can Grow by 
Using Arsenic Instead of Phosphorus Science (3™ 
June 2011) 332:1163-1166 

4. Kepler Mission Website: http://kepler.nasa.gov/ 
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Solar X-Ray Monitor (XSM) for Chandrayaan-2 


Orbiter 


The composition of major elements is one of the most 
fundamental information about surface of any planetary 
body. The technique of X-ray Fluorescence spectroscopy 
has been one of the most important techniques to 
determine the elemental composition of solids. In case of 
the moon, due to absence of atmosphere, this technique 
can also be applied remotely by using the X-rays from 
the sun as initial exciting radiation and carrying a low 
energy X-ray detector onboard an orbiting satellite. 
When solar X-rays having sufficiently high energy 
interact with the atoms on surface, characteristic X-ray 
lines are produced. For a nice overview of this technique, 
reader is *referred* to the article “Lunar chemistry 
through X-rays” in the first issue (January 2011) of 
PLANEX News. 


Table. 1 
Specification 


Parameter 


Energy range | 1—20 keV 


Energy 
resolution® 


Sensitivity 


) 200 eV @ 5.9 keV 


Class B flare 


Detector Silicon Drift Detector (SDD) 


Detector size 30 mm’, 450 um thick 


Detector 2 

~l mm 
aperture 
Detector 
operating -35°C 
temperature 
Detector cooling | In-built TEC 
Field of view nS 
Total power 6 W (regulated) 
Total weight 1.5 kg 

XSM Sensor Package 

3 

alkanes (140 x 60 x 50 mm’, 0.5 kg) 


XSM Electronics Package 
(160 160 x 50 mm’, 1 kg) 


(a) For large solar flares, the energy range and 
energy resolution will be approximately 1.8 — 15 keV 
and ~250 eV @ 5.9 keV respectively. 
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However, it is well known 
that intensity of the solar 
X-rays is highly variable with 
time. During the episodic 
events known as Solar flares, 
the X-ray intensity suddenly 
increases by two to three 
orders of magnitude within 

then 
within 


few minutes and 
gradually decreases 

few tens of minutes to hours. 

During these events, the X-ray 
spectrum (i.e. intensity of X-rays at any time as a 
function of energy) is continuously changing. Since the 
flux of fluorescent X-ray lines as well as continuum 
background arising due to the scattering of the incident 
X-rays from the lunar surface directly depend on the flux 
and spectral shape of incident solar X-rays, it is obvious 
that the same surface composition can give different 
observed X-ray fluorescence spectra for different types of 
solar X-ray activity. Therefore, in order to quantitatively 
interpret the X-ray Fluorescence spectra in terms of the 
abundances of the major elements, it is absolutely 
necessary to have simultaneous measurements of the 
solar X-ray spectrum. Thus such an experiment of remote 
X-ray Fluorescence Spectroscopy must contain two 
components — (1) An X-ray detector to measure the 
fluorescent X-ray spectra from the lunar surface; this 
detector has to be of sufficiently large active area 
(typically few tens of cm’) because the flux of the 


Volume -1, Issue-4, October 2011 


Figure 1: Schematic representation of remote X-ray fluorescence spectroscopy 


the active area of this detector must be small because the 
direct solar X-ray intensity is very high even during low 
activity period. Both these components can be 
independent payloads, but the data from both the 
payloads is essential to quantitatively interpret the remote 
X-ray fluorescence spectroscopy data. 


Our team at PRL is developing an X-ray detector, called 
Solar X-ray Monitor (XSM), for the remote X-ray 
fluorescence spectroscopy experiment — onboard 
Chandrayaan-2. Primary scientific objective of XSM is to 
accurately measure spectrum of Solar X-rays in the 
energy range of 1 — 15 keV with high energy resolution 
(< 250 eV @ 5.9 keV). This will be a companion 
instrument to CLASS instrument described in January 
2011 issue. XSM will employ state-of-the-art Silicon 
Drift Detector (SDD), which provides the highest energy 
resolutions among different types of X-ray detectors used 
in Solar X-ray monitors so far. Another major advantage 


XSM Sensor Package 


SDD 
with 


ra TEC 
TEC 


Controller 


Spacecraft 


Processing Electronics 


DH 
Subsystem 


Telemetry 
& Tele- 
Command 


Figure 2: Preliminary block diagram of XSM 


fluorescent X-ray is very small; (2) An X-ray detector to 


measure the X-ray spectra incident directly from the Sun; 


of the SDD is its ability to handle very high count rate 
(> 10° counts per second). However, in order to achieve 
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Figure 3: SDD modules planned to be used in XSM 
(with and without module cover for clarity — courtesy 
Ketek website). 


= 
i 


the best performance, the SDD has to be kept at 
temperature of about -35° C. Such operating temperature 
is achieved by using Thermo-Electric cooler (TEC) 
which is built into the SDD module. The module also has 
built-in temperature sensor which is used by XSM 
electronics for a close loop control of TEC supply to 
maintain the detector temperature at specified value. 
Table 1 provides the planned specifications of the XSM 
experiment. 


The most important challenge in designing XSM payload 
meeting these specifications is to handle extremely large 
range of Solar X-ray intensity. It can be seen from Fig. 4 
(Solar X-ray light-curves observed by GOES satellite of 
NOAA) that during large flares X-ray intensity suddenly 
increase by two orders of magnitude within few minutes. 
During quite periods or small flares (Class B type), total 
X-ray flux from the Sun is around 107 W.m” which 
results in the observed count rate of about 1000 counts 
per second (considering various parameters relevant to 
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XSM). Whereas during large X Class flares the X-ray 
intensity is greater then 10° W.m”, resulting in observed 
counts rate of more then 10° counts per second. Under 
these conditions a detector designed to be sensitive to 
low solar activity will be completely saturated during 
large flares, and a detector designed for large flares will 
not have enough sensitivity for low activity. Thus to 
cover the extreme variation in count rate, it is essential to 
have some active mechanism which either changes the 
detector aperture or the effective energy so as to keep the 
incident count rate at reasonable level (approximately 
200000 cps). The option of changing detector aperture 
size is not suitable for XSM due to other considerations 
such as to achieve wide Field of View (FOV) with fixed 
mounting on space craft and to avoid mechanical 
movement very close to the detector. Therefore it has 
been decided to have slightly different energy range for 
large flares so as to avoid the detector and electronics 
from saturating. The XSM sensor package will have a 
special mechanism to restrict the total energy range to 
about 1.8 — 15 keV. This will reduce the total count rate 
to approximately 200000 cps which can be handled by 
onboard electronics With this arrangement of mechanical 
shutter, XSM onboard Chandrayaan-2 is expected to 
provide better spectrum then most of the previous 
experiments measuring disk integrated Solar X-ray 
spectrum. 


Santosh V. Vadawale 
E-Mail: santoshv@prlL.res.in 
Contact: +91-(0)79-2631 4518 


GOES Xray Flux (5 minute data) 
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Figure 4: Typical solar X-ray intensity variation during large flares. 
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It is believed that a large fraction of comets have formed at 
the same time when the solar system was formed. Earlier 
missions and observations have indicated that these comets 
might have preserved those pristine materials that contain 
certain complex molecules and compounds which formed 
the basis for life on the Earth. European Space Agency’s 
ROSETTA mission’ will help 

scientists to move forward in this 

direction to establish whether the 

source of life on earth is due to comet 

seeding. ROSETTA is a comet chaser 

mission consisting of an orbiter and a 

piggyback lander. The orbiter will 

rendezvous comet nucleus, 
67P/Churyumov-Gerasimenko, when 

it is at its nearest approach to the Sun, 

observe it and release a small robotic 

lander for in situ. surface and 

sub-surface 
comet 
67P/Churyumov-Gerasimenko has a 


investigations of the 
nucleus. Comet 


nucleus about 4 kilometres wide. It 
orbits around the Sun every 6.6 years. 


Comet 


Launched on March 2, 2004, on 

board Ariane-5 rocket from Kourou for its 10-year long 
voyage, Rosetta is currently passing through the main 
asteroid belt and expected to reach its destination during 
May 2014. Before beginning its deep-space odyssey, 
Rosetta had a number of swing-bys and fly-bys of Earth, 
Mars and other small bodies. Rosetta had three Earth 
swing-bys (March 2005, Nov. 2007, Nov. 2009) and one 
Mars swing-by (February 2007). In addition, ROSETA had 
fly-bys of two asteroids, Steins and Lutetia on Sept. 5, 
2008 and July 10, 2010 respectively. 


ROSETTA will be the first mission to chase and orbit a 
comet and also the first mission to rely completely on solar 
power for its operation. 


nucleus 


An artist’s impression of Rosetta orbiter and 
the Philae lander soon after its touchdown on 
67P/Churyumov-Gerasimenko. 
Credits: Astrium - E. Viktor 
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ROSETTA orbiter 
Rosetta orbiter is a cuboid of 2.8 x 2.1 x 2.0 metres 
with suite of 11 instruments to examine the 
cometary surface and to understand the effect of 
Sun. The orbiter instrument suite is designed to 
accomplish Remote sensing observations (OSIRIS, 
ALICE, VIRTIS, MIRO), 
investigate surface composition 
(ROSINA, COSIMA, MIDAS), 
understand nucleus internal 
structure (CONSERT), dust flux 
and mass distribution (GIADA ), to 
study comet plasma environment 
and solar wind interaction(RPC) 
and _ radio 
y (RSD. 
PHILAE Lander 
. The Rosetta Philae lander weighing 
about 100 kilograms carries a suite 
of ten instruments from drill to 
mass spectrometer for in-situ 
investigation of the cometary 
surface and sub-surface and has an 
expected operational lifetime of 
one week. Soon after touchdown the robotic lander 
fires a harpoon to prevent itself from slipping off 
the comet surface. Philae instrument suite consists 
of an Alpha Proton X-ray Spectrometer(APXS), 
Rosetta Lander Imaging System(CIVA / ROLIS), 
Comet Nucleus Sounding(CONSERT), Cometary 
Sampling and Composition experiment (COSAQ), 
Evolved Gas Analyser (MODULUS PTOLEMY), 
Multi-Purpose Sensor for Surface and Sub-surface 
Science(MUPUS), RoLand Magnetometer and 
Plasma Monitor((ROMAP), Sample and Distribution 
Device(SD2), Surface Electrical and Acoustic 
Monitoring Experiment(SESAME), Dust Impact 
Monitor. 


science experiment 


A) Comet 67P/Churyumov-Gerasimenko (B) Images during Lutetia flyby (C) Images during Steins flyby (D) Philae Lander on 
Comet Nucleus (Artist Impression) Source: http://esamultimedia.esa.int/images/Science/ 
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ARTEMIS begin extended phase 


NASA’s twin ARTEMIS (Acceleration, Reconnection, 
Turbulence and Electrodynamics of the Moon’s 
Interaction with the Sun) probes, initially placed at 
lagrangian points, have successfully entered into lunar 
orbit on June 27 and July 17 respectively to begin their 
extended mission phase. The two spacecrafts will help 
scientists infer internal structure of the Moon and 
expected to provide wealth of data for the next decade. 


Curiosity to finally land at Gale Crater 


MSL Rover, Curiosity, slated for launch this year end 
and land on Mars in August 2012, will now land at Gale 
crater. Crater Gale is 154 kilometers in diameter and has 
a high mountain within. Four sites were selected earlier 
of which Gale has been finalised. 


DAWN completes survey phase, begins Science Phase 


NASA’s DAWN spacecraft has successfully completed 
its initial survey phase orbiting the giant asteroid Vesta 
and now started its science operations. With this, 
DAWN has become the first spacecraft to orbit an object 
of the main asteroidal belt. Initial survey phase which 
lasted for around 20 days helped scientists to have a 
perspective overview of the asteroid. After completion 
of its science phase, DAWN is expected to leave for 
Ceres in July 2012. 


GRAIL cruises to the Moon 


After an initial postponement, Gravity Recovery and 
Interior Laboratory (GRAIL), NASA’s twin spacecraft 
was successfully launched to probe the lunar interior in a 
greater detail. The twin spacecrafts will help to infer 
lunar gravity field by moving in tandem orbits around 
the Moon. Initial communications from the spacecrafts 
shows that the spacecrafts are successfully moving 
ahead towards the Moon. 


Juno on its way to Jupiter 


NASA’s mission JUNO to the largest planet of our solar 
system, has been successfully launched on 5 Aug. 2011 
and now on its way to the giant planet. The mission will 
cover 2,800 kilometers in five years to reach its 
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destination. Juno will help scientists unlock the secrets 
of the largest planet which will further help us knowing 
about the origin of our solar system. 


Opportunity starts working at Endeavour crater 


One of the Mars twin rovers, Opportunity reached the 22 
km wide Endeavour crater. This is like exploring a 
second site for the rover because of the diversity of 
Endeavour from the earlier one, crater Victoria. After 
the extended operation of the twin rovers for six long 
years on Mars, Spirit’s operations ceased in 2010, while 
Opportunity is still active and reached the rim of its new 
destination on Aug. 9, 2011. 


HiRISE resumes operation 


The HiRISE (High Resolution Imaging Science 
Experiment) camera onboard Mars Reconnaissance 
Orbiter (MRO) resumed its normal operations after 
precautionary shutdowns. The instrument was earlier put 
off couple of times on Aug. 27 and Sept. 6, 2011, 
respectively because of a commanding problem to one 
of the camera CCDs. 


MESSENGER’s first dataset released 


The first dataset of all the science instruments onboard 
MESSENGER orbiting Mercury has been released to 
public by NASA’s Planetary Data System (PDS). This 
will help scientists all around the globe to have new 
insights into the planet closest to the Sun. 


Bepi-Colombo prepares for thermal tests 


ESA and JAXA’s joint mission to Mercury, Bepi 
Colombo spacecraft is undergoing thermal-balancing 
tests at Space simulation facility at European Space 
Research and Technology Centre (ESTEC) in 
Noordwijk. Bepi-Colombo scheduled to launch in 2014 
is expected to reach Mercury in 2020. 


Chang’e 2 reached Lagrangian point L2 


In its extended mission, China’s Chang’e 2 successfully 
entered the orbit of the L2 Lagrangian point. The 
Lagrangian point L2 is at a distance of about 1.5 million 
kms from earth. 


20 


Back to Contents 


Volume -1, Issue-4, October 2011 


> NLSI’s Workshop without walls on “Luanr Swirls” 


A one day online Workshop on “Lunar Swirls”, the enigmatic bright features on Moon, was organized by NASA 


Lunar Science Institute, Houston, USA, on September 7" 2011. Online streaming through Adobe connect 


(http://connect.arc.nasa.gov) enabled Lunatics from different corners of the world to participate in the workshop 
and interact with the experts by fielding themselves at their own locations. The workshop was scheduled in two 
parts, each part had two themes. The first part focused on Background of Lunar Swirls including “Different models 
of Swirl formation” and “The environment of the Swirls”. About ten experts spoke about various aspects of lunar 
swirls. One of them proposed a low cost sample collection for lunar swirls. Second half of the workshop was 
dedicated to the “New Measurements from recent missions” which was subdivided into two themes “Surface 
Characteristic of Lunar Swirls” and “Electrical Environment of Lunar Swirls”. New information’s on Swirls from 
LROC, M3, DIVINER, Mini-RF, and Kaguya were discussed. The workshop commenced with welcome and 
logistics speech by Catherine Nash and B. Farrel followed by brief introduction about Lunar Swirls by Prof. Carle 
Pieters of Brown University. A team of ten researchers from Physical Research Laboratory participated in this 


event. Formal arrangements were made at PRL, Ahmedabad to ensure smooth functioning and active participation. 


> Second Workshop on Chandrayaan-1 Mini-SAR Data Analysis 

On September 15, 2011, a one day workshop was organized at Space Applications Center (SAC), Ahmedabad to 
discuss the preliminary results from analysis of data obtained by the Miniature Synthetic Aperture Radar (Mini- 
SAR) onboard India’s first mission to Moon, Chandrayaan-1. The meeting was convened by Dr. Shiv Mohan of 
Space Applications Centre (SAC), Ahmedabad. Researchers from organizations across the country such as IIT’s, 
Universities and various research centers participated in the workshop. In the inaugural speech Dr. R.R. Navalgund, 
Director, SAC emphasized the need for realizing the importance of “Convergence of evidences in Remote 
Sensing”. Prof. J. N. Goswami, Director PRL cautioned the workers against direct application of the Earth based 
algorithms and approaches to study the Moon’s data. The sessions were chaired by Prof. S.V.S. Murty, 
Co-ordinator, PLANEX, PRL. Recognizing the opportunity to jointly strengthen the assumptions and theories, 
presentations were made underlining the approach to understand the context of transitioning from theoretical to 
practical applications of Mini-SAR Data. On the preamble, experts broadly discussed the hybrid-polarity 
architecture and presented an overview of Mini-SAR data applications. The scientific results presented during the 
workshop were radar-scanning of lunar polar region and geological & geo-morphological investigations of lunar 
surface using Mini-SAR Data. Development of algorithms for calibrations and processing of Mini-SAR data was 
identified as the major challenge for the working group. Following deliberations, and encouragement to further 
submit proposals for characterization of lunar surface using Mini-SAR data, the workshop applauded the intentions 
of preparing a 3-D atlas of the polar regions of the Moon. Hands on session were also organized to train the 


participants on acquiring skills for analyzing Mini-SAR data. 
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> A three day conference on “Planetary Science and Exploration” will be held during Dec. 12-14, 2011, at 
Physical Research Laboratory, Ahmedabad to celebrate the completion of ten years of PLANEX program. 
Deadline for abstracts is Nov. 10, 2011. Participation is by invitation only. 


Twelfth PLANEX Workshop on “Exploration of Asteroids and Comets” will be organized at Mt. Abu, 
Rajasthan. For more details, visit http://www.prl.res.in 


Eight-day short term course “HYPERSPECTRA-2011” sponsored by Department of Science and Technology 
(Govt. of India) on the theme "Emerging Trends in Remote Sensing: Imaging Spectroscopy and Natural 
Resource Mapping" will be organized from Nov. 11-18, 2011 at Department of Earth Sciences, IIT Bombay, 
Powai, Mumbai, India. The last date of application is Oct. 10, 2011. For more details visit:- 


http://www. geos.iitb.ac.in/hyperspec/index.html 


European Space Agency symposium on “Sustainability of Space Activities: International Issues and Potential 
Solutions” will be organized from Feb. 21-23, 2012 at Strasbourg, France. The last date for submission of 
abstract is October 12", 2011. For further details visit:- 

http://www. isunet.edu/index.php?option=com_content&view=category&layout=blog&id=36&Itemid=88889218 


“European Conference on Spacecraft Structures, Materials and Environmental Testing” will be organized 
during March 20-23, 2012 at ESA/ESTEC. This Conference is co-organized by ESA, DLR and CNES. The last 
date of submission of abstract is Dec. 1, 2011. For more details visit:- http://congrex.nl/12a06/ 


“2012 ESA workshop on Aerospace EMC” will be held from May 21% to May 23™ 2012 at Venice, Italy. The 


last date of submission of abstract is Nov. 15, 2011. For more details visit: http://www.congrex.nl/12A05/ 


A Twelve week course on “Remote Sensing & GIS - Technology and Applications” from Nov. 14, 2011 to 
February 3", 2012 is being organized by NRSC, Hyderabad. The last date of application is Oct. 14, 2011. For 
more details visit:-http://www.nrsc.gov.in/trg/Training@NRSC.htm 


A Four week course on “Introduction to GIS & Applications” from Feb. 13, 2012 to March 9, 2012 will be 
organized by NRSC, Hyderabad. The last date of application is Jan. 13, 2012. For more details visit:- 
http://www.nrsc. gov.in/trg/Training@NRSC.htm 


“33 ESA Antenna Workshop on challenges for Antenna systems” will be held from Oct. 18-21, 2011 at 
ESTEC, Noordwijk, The Netherlands. For more details visit: -http://www.congrex.nl/11c07 


5" International Association for the advancement of the space safety (IAASS) conference on “A Safer Space for 
a safer world” will be organized during Oct. 17-19, 2011 at Versailles, Paris, France. For more details visit:- 


http://www.iaass.org 


“International Spacewire conference 2011” will be organized during Nov. 8-10, 2011 at San Antonio, TX, 
USA. For more details visit:- http://2011.spacewire-conference.org/ 


ISU 16th Annual International Symposium: “Sustainability of Space Activities: International Issues and 
Potential Solutions” will be organized by International Space University during February 21-23, 2012 at 
Strasbourg. 

For more details, visit: 
http://www.isunet.edu/index.php?option=com_content&view=category&layout=blog&id=36&ltemid=88889218 
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Prof. Satish Dhawan 
(September 25, 1920 — January 3, 2002) 


‘4 


The Former Chairman of Indian Space Research Organization (ISRO) — Prof. Satish 
Dhawan made pioneering contributions to the Space Programs of the country. He led India in the era of Remote 
Sensing and Space Research and established the system for spreading the knowledge using telecommunication 
satellites. In the field of Turbulence and Boundary Layers, he was one of the most eminent researchers. He is 
called as the father of Experimental Fluid Dynamics Research in India. ISRO’s main launch centre Satish 
Dhawan Space Centre (Shriharikota) is named on this great scientist. 


Prof. Dhawan completed his Bachelor of Arts in mathematics and physics, Master of Arts in English literature 
and Bachelor of Engineering in Mechanical Engineering from University of Punjab. He obtained his M.S. degree 
(in Aeronautical Engineering) in 1947 from University of Minnesota (Minneapolis) and Aeronautical 
Engineering degree in 1949 from California Inst. of Technology. Under the guidance of eminent aerospace 
scientist Prof. Hans W. Liepmann (California Inst. of Technology), he completed his Ph.D. (in Aerospace and 
Mathematics) in 1951. 


He joined Sc, Bangalore in 1951 and became its director in 1962. During his tenure at IISc, he was involved in 
setting up the First Supersonic Wind Tunnel in India. He started research on Relaminarization of separated 
boundary layer flows, three-dimensional boundary layers and tri-sonic flows. In 1972, Prof. Satish Dhawan took 
over as the Chairman of ISRO and Secretary to the Department of Space (Govt. of India). As a chairman of 
ISRO, he clearly defined and systematically executed major programs, which included Launch of Indian 
Satellites on Indian Rocket Vehicles, development of Remote Sensing Techniques, Satellite Communication and 
its implications in Rural Education. Development of operational systems like INSAT (A Telecommunication 
Satellite), IRS (Indian Remote Sensing satellite) and Polar Satellite Launch Vehicle (PSLV) established India in 
the club of Space Faring Nations. He had also been a Visiting Professor at California Institute of Technology 
(1971-1972), President of Indian Academy of Science (1977-1979) and Chairman of Research Council, National 
Aerospace Laboratory, Bangaluru (1984-1993). 


Prof. Dhawan was conferred with many prestigious awards like Padma Vibhushan Award (1981), Indira Gandhi 
Award for National Integrity (1999) and many more. He passed away on 3rd January 2002. 


He was not only a great leader of Indian Space mission, but a great teacher and researcher with a multi- 
dimensional personality. In the word of his former colleague at VSSC — Dr. Abdul Kalam “Dhawan in his 
professional career has been engineer, teacher, research scientist, technologist, manager, leader and adviser - 
often all at the same time”. 
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